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(57) Abstract: Method for monitoring the instantaneous behaviour of a tyre in a rolling condition, comprising the steps of: a) ac- 
quiring and storing, at least temporarily, at least one reference curve which represents the acceleration profile of at least one specified 
point of the said tyre in at least two directions selected from a centripetal, a tangential and a lateral directions as a function of the 
position of the said point, in at least one portion of a revolution of the said tyre, b) continuously acquiring signals of the acceleration 
in said at least two directions of said at least one point of the said tyre, in at least one portion of a revolution of the said tyre, c) 
deriving from the said signals at least one cyclic curve of acceleration profile of the said at least one point in at least the said portion 
of a revolution of the said tyre, d) comparing said at least one cyclic curve with the said at least one reference curve, and e) emitting 
a signal depending on the said comparison, the said signal indicating the said instantaneous behaviour of the said tyre. 
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METHOD AND SYSTEM FOR MONITORING THE BEHAVIOUR OF A 
TYRE DURING THE RUNNING OF A MOTOR VEHICLE 

***** 

DESCRIPTION 

5 The present invention relates to a method and system for monitoring 
the instantaneous behaviour and interaction with the road of a tire 
during the running of a motor vehicle equipped with tires. 
A tire of a motor vehicle, when rolling on a road surface, is subject to a 
vertical load and to tangential and transverse external forces, which are 
10 generated in the various manoeuvres, such as braking, acceleration, 
cornering, straight line running etc. 

During each manoeuvre, any point on the tire rolling in steady state and 
in transitory conditions carries out a movement, which can be 
- -t*.,^,s.ited by displacements In the three spatial directions, for each 

IL \^ 0^%e revolution of the tyre. The movement of any points have 
6i'iic^;acteristics which are typical of the position of each particular point 
of the structure,, of the external profile of the tyre, of the conditions of 
use (speed, load and pressure), of the conditions of the surface on 
which the tyre rolls, and of the external forces to which the tyre is 

20 subjected in the manoeuvres of braking, acceleration, cornering, etc. 

The patent application EP88721 1 describes a tire monitoring system for 
a tire on a vehicle comprising: a sensor device operatively arranged 
with respect to the tire to create an electrical pulse during the footprint 
pass corresponding to a deformation of the tire; means for calculating a 

25 ratio of the duration of said electrical pulse to the duration of one tire 
revolution; means for transmitting said ratio to an evaluating unit placed 
in the vehicle. Said sensor device is placed within the tread area of said 
tire in order that said electrical pulse presents a first maximum at the 
entrance and a second maximum at the leaving of said footprint pass. 



CONFIRMATION COPY 
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The patent application WO01 36241 in the name of tlie same applicant 
of present application describes a method for monitoring the 
instantaneous behaviour of a tyre during the running of a motor vehicle, 
comprising the steps of 
5 • acquiring and storing, at least temporarily, at least one basic 
reference curve which represents the variation of the displacement of at 
least one specified point of the said tyre in at least one spatial direction, 
as a function of the spatial position of the point, in at least one portion 
of a revolution of the tyre, 
10 • continuously acquiring signals of the position in space of the 
specified point of the tyre, 

• deriving from the position signals at least one cyclic curve of 
operating displacement of the point in the spatial direction, as a 
function of the spatial position of the point, in at least one portion of a 

15 revolution of the tyre, 

• continuously comparing the said curve of operating displacement 
with the said basic reference curve of displacement, and 

• emitting a signal depending on the comparison and indicating 
the Instantaneous behaviour of the tyre. 

2 0 The patent US6204758 describes a tire monitor for use in a remote tire 
monitor system including an accelerometer for detecting acceleration of 
the tire monitor. Location (relative to vehicle) information for the tire 
monitor is determined in response to the acceleration. In this manner, 
tire location (relative to the vehicle) information is determined 

25 automatically to allow the system to display tire characteristic data such 
as air pressure in conjunction with tire location (front right, front left) , 
The Applicant has observed that the deformations of a tire in a rolling 
condition occur in a plurality of directions with respect to a local 
reference frame. Said local reference frame is a reference on which the 
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deformations are detected (e.g. an orthogonal axes system or a polar 
axes system). For example, a defonmation of the tire due to a load 
variation on said tire is substantially a deformation in a centripetal 
direction, which is a radial direction of said tire. During a braking 
5 condition the deformations of the tire are mainly in a tangential 
direction, which is a direction tangential to the circumference of said tire 
and during a comering condition the deformations of the tire are mainly 
in a lateral direction, which is a direction orthogonal to both said lateral 
and centripetal directions. 

10 The Applicant has observed that the accelerations and their variation in 
a predetermined temporal interval of specific points of a tire, with 
respect to said local reference frame, are in relationship with said 
deformations of the tire, which are generated from the interactions 
between the tire in motion and the ground. 

15 The Applicant has perceived that to monitoring IAk' c^:tor^\^Dns ?of af^* 
tire In a rolling condition an acceleration profile in at least tWo directions 
of said local reference frame should be detect. 

Moreover, the Applicant has tackled the problem of choosing 
characteristic points of the tire, on which measuring said acceleration 
20 profile as a function of the position of said points, having a relationship 
each other with respect to the global behaviour of the tire. Moreover, 
the applicant has tackled the problem of analysing measured curved of 
accelerations for said specific points for at least a complete rolling of 
the tire. 

25 Moreover, the Applicant has observed that each of said specific points 
has a specific behaviour with respect to the interactions between the 
tire and the road. 

The Applicant has found that, to monitor the deformations of a tire, the 
acceleration of a first characteristic point and the acceleration of a 
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second characteristic point may be compared. In general to obtain a 
global indication of the behaviour of a tire more than one characteristic 
point of the tire has to be monitored. For each manoeuvre, which has to 
be monitored, there are characteristic points, which have a more direct 
5 correlation between said accelerations and the deformations of the tire 
than other points of the tire itself. The defomiations of said chosen 
points are in relationship with the instantaneous behaviour of the tire 
and interaction between the road and the tire itself. 
Moreover, the accelerations of a specific point on a rolling tyre, which is 
10 subject to specific forces, has the same basic shape (basic curve) for 
each revolution of the tyre, while it varies as to the position and 
amplitude of the peaks, and/or the start and end of each peak, and the 
relative maximum and/or minimum, and /or a "slope" of particular 
portions of the curve. 
15 The Applicant has found tfe %!> vs-^i^t Vne behaviour of a tire during 
the above-cited manoeuvres oi' a vehicle In motion, predetemilned 
portion of said curves may be monitored. Said curves assume 
significant values in proximity (before and after) the passage of the 
monitored points into the physical contact, between the tire and the 
20 road. Preferably, monitored portions of said curves may be associated 
with specific deformations corresponding to specific phenomena (e.g. 
aquaplaning phenomenon, a locked wheel etc..) 
A first aspect of present invention is referred to a method for monitoring 
the instantaneous behaviour of a tyre in a rolling condition, comprising 
25 the steps of: 

a) acquiring and storing, at least temporarily, at least one 
reference curve which represents the acceleration profile of at least one 
specified point of the said tyre in at least two directions selected from a 
centripetal, a tangential and a lateral directions as a function of the 



wo 03/082643 




PCT/EP02/03498 



-5- 

posltion of the said point, in at least one portion of a revolution of the 
said tyre, 

b) continuously acquiring signals of the acceleration in said at 
least two directions of said at least one point of the said tyre, in at least 

5 one portion of a revolution of the said tyre, 

c) deriving from the said signals at least one cyclic curve of 
acceleration profile of the said at least one point in at least the said 
portion of a revolution of the said tyre, 

d) comparing said at least one cyclic curve with the said at least 
10 one reference curve, and 

e) emitting a signal depending on the said comparison, the said 

signal indicating the said instantaneous behaviour of the said tyre. 

Preferably, said step of comparing comprises comparing said at least 

- . ■ . • i'-p 
one curve and said at least one cyclic curve point by poiiit for 

15 ar:c.%'iv- Ration of the tire. 

Preis;^i*.Vv step of comparing comprises comparing a reference 

cun/e derived from a first point on the tire and a cyclic cun/e derived 

from a second point on the tire. 

Preferably, said first point is located on the liner surface along the 
20 equatorial plane of the tire and said second point is located on the liner 

surface on a shoulder of said tire, said first and second points being 

located along the same meridian plane of the tire. 

Preferably, said first point is located on the liner surface along the 

equatorial plane of the tire on a left shoulder of said tire and said 
25 second point is located on the liner surface on a right shoulder of said 

tire, said first and second points being located along the same meridian 

plane of the tire. 

Preferably, said first point is located on the liner surface along the 
equatorial plane of the tire and the second point is located on the liner 
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surface along the equatorial plane distant from said first point for a 
predetermined arc. 

Preferably, said step of comparing comprises comparing characteristic 
peaks of said at least one reference curve with correspondents 
5 characteristic peaks of said at least one cyclic curve. 

Preferably, said step of comparing comprises comparing a portion of 
the area under said at least one reference curve with the correspondent 
portion of the area under said at least one cyclic curve. 
A further aspect of present invention is referred to a system for 
10 monitoring the instantaneous behaviour of a tyre in a rolling condition 
comprising: 

i. at least one memory element for acquiring and storing, at least 
temporarily, at least one reference curve which represents the 
acceleration profile of at least one specified point of the said tyre in at 

15 least two directions selected from a centripetal, a tangential and a 
lateral directions in at least one portion of a revolution of the tyre. 

ii. at least one sensor associated with the said at least one 
specified point of the said tyre, capable of emitting, over a period of 
time, signals of the acceleration in said directions of the said point, 

20 ill. a receiving device capable of continuously acquiring the said 
signals of the acceleration of the said at least one point of the said tyre, 
in at least the said portion of a revolution of the said tyre, and 
iv. an elaboration unit Incorporating a program capable of 
determining from the said signals of acceleration at least one cyclic 

25 curve of acceleration of the said at least one point in the said directions 
in at least the said portion of a revolution of the said tyre, 
V. said elaboration unit being capable of continuously comparing 
said at least one of cyclic curves of acceleration with said at least one 
stored reference curve. 
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vl. said elaboration unit being additionally capable of emitting a 
signal depending on the said comparison, tiie said signal indicating tiie 
said instantaneous beliavlour of the said tyre. 

Preferably, a firet sensor is located on the liner surface along the 
5 equatorial plane of the tire and a second sensor is located on the liner 
surface on a shoulder of said tire, said first and second sensors being 
located along the same meridian plane of the tire. 
Preferably, a first sensor is located on the liner surface along the 
equatorial plane of the tire on a left shoulder of said tire and a second 
10 sensor is located on the liner surface on a right shoulder of said tire, 
said first and second sensors being located along the same meridian 
plane of the tire. 

Alternatively, a first sensor is located on the liner surface along the 
equatorial plane of the tire and a second sensor Is locat'^o c-^ v. ^ liner ; 
15 surface along the equatorial plane distant from said frifJa^i aa&w., ifSr ^ 
predetermined arc. 

Preferably, said system further comprising a third sensor located on ttie 
liner surface along the equatorial plane of the tire distant from said 
second sensor for a predetermined arc. 
2 0 Preferably, said first and second and third sensors are equidistant each 
other. 

Preferably, a third sensor is located on the opposite shoulder of said 
second sensor along the same meridian plane of said first and second 
sensor. 

25 Preferably, said system further comprises a speed sensor of said tire. 
Preferably, said system further comprises a pressure sensor of said 
tire. 

A further aspect of present invention is refen-ed to a pneumatic tire 
comprising at least one sensor associated with at least one specified 
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point of said tire, capable of emitting, over a period of time, a signal, 
which represents the acceleration profile of said at least one specified 
point, in at least two directions selected from a centripetal, a tangential 
and a lateral directions as a function of the position of the said point, in 
5 at least one portion of a revolution of the said tire. 

Characteristics and advantages of the invention will now be illustrated 
with reference to one embodiment represented in the attached figures, 
in which: 

10 figure 1 shows schematically, in a section view, a rolling tyre having a 
sensor disposed on its internal surface, according to an embodiment of 
the present invention; 

figure 2 shows schematically, in a side view , a rolling tyre having three 
, sensors disposed on the liner iT^vT^-; Biirface^ to a further 

15 embodiment of the present inV'r:;vr«i 4 5^ 

figure 3 shows schematically,^ in a ^ view, a rolling tyre having three 
sensors disposed on the liner intemal surface, according to a further 
embodiment of the present invention; 

figure 4 shows a diagram block of an example of a system to 
2 0 monitoring the behaviour of a vehicle according with present invention; 
figure 5 shows three graphs respectively of the centripetal, tangential 
and lateral acceleration of a specific point of a tire which is monitored 
by means of the sensor of figure 1 ; 

figure 6 shows a further graph of the centripetal acceleration of specific 
25 points of a tire which is monitored by means of the sensors of figure 1 
in free rolling at different speeds ( same load); 

figure 7 shows a further graph of the centripetal acceleration of specific 
points of a tire, which is monitored by means of the sensors of figure 3; 
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figure 8 shows a further graph of the centripetal acceleration of specific 
points of a tire, which is monitored by means of the sensors of figure 3 
in free rolling and in cornering condition. 

5 The tyre of figure 1 consists of an internally hollow toroidal structure 
formed by a plurality of components, and primarily by a textile or 
metallic carcass, having two beads and each formed along an inner 
circumferential edge of the carcass for securing the tyre to a 
corresponding supporting rim. The said carcass comprises at least one 
10 pair of annular reinforcing cores, called bead wires, which are inserted 
in the said beads. 

The carcass comprises a supporting structure formed by at least a 
reinforcing ply which includes textile or metallic cords, extending axially 
from pns *?) the other according to a toroidal profile, and which ' 

15 has eecjvrt.- ©.ids' associated with a corresponding bead Wire. 

In tyres or type known as "centripetal", the aforesaid cords lie 
essentially in planes containing the axis of rotation of the tyre. 
On the crown of this carcass there Is placed an annular structure, 
known as the belt structure, normally consisting of one or more strips of 

20 rubberized fabric, wound on top of each other to form what is called a 
"belt package", and a tread made from elastomeric material, wound 
around the belt package, and stamped with a relief pattern for the 
rolling contact of the tyre with the road. Two sidewalls, made from 
elastomeric material, each extending outwards in the centripetal 

25 direction from the outer edge of the corresponding bead, are also 
placed on the carcass, in lateral axially opposed positions. 
In tyres of the type known as "tubeless", the inner surface of the 
carcass Is normally covered with a "liner" layer, in other words one or 
more layers of airtight elastomeric material. Finally, the carcass may 
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comprise other known elements, such as edges, strips and fillers, 
according to the specific design of the tyre. 

It should be specified that, for purposes of the present description, the 
term "elastomeric material" indicates a material obtained by 
5 crosslinking a rubber composition comprising at least an elastomeric 
polymer having at least a filler dispersed therein and usually 
conventional additives such as curatives, processing aids, etc... 
The combination of all these elements detemnines the mechanical 
characteristics of elasticity, rigidity and resistance to deformation of the 
10 tyre, which constitute the connection between the system of forces 
applied to the tyre and the extent of the corresponding deformations 
which it undergoes. 

One aspect of the present invention relates to the measurement of the 
variations of the acceleration of at least a specified point of a tire, in a 
15 predetermined temporal interval with respect to a local reference frame. 
Said local reference frame is a reference on which the acceleration 
values and directions are measured (i.e. a orthogonal axes system or a 
polar axes system). 

Said variations are in relationship with the Interactions between the tire 
20 in motion and the ground and are In relationship with the deformations 
of the tire itself during motion. 

To this purpose at least a sensor, which is able to measure said 
acceleration, is associated to the tire. 

Preferably, more than one sensor is associated to the tire and each 
25 sensor is disposed In a predetermined position of the tire. Preferably, 
said sensors are disposed on the internal surface of the tire and 
preferably in contact with said liner layer where such liner is present. 
Alternatively, one or more of said sensors may be inseri:ed into the liner 
layer or into the tread band layer or into the carcass of the tire during 
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the manufacturing process, I.e. Into the beads. Moreover, the system of 
the present Invention may provide a further sensor, which Is able to 
measure the displacement of said point with respect to a local 
reference frame (i.e. optic). 
5 In the embodiment of figure 1 a sensor 2 Is associated to the tyre 1 and 
It Is preferably disposed on the Intemal surface of the tire, in particular 
on the liner surface 111. More preferably, said sensor is disposed along 
the equatorial plan of said tire. For example said sensor Is associated 
to said liner surface by means of a glue or a silicon sealant or an 
10 elastomeric compound liner compatible or similar. 

Alternatively, said sensor Is inserted Into the liner layer or into the tread 
band layer, or inside the carcass or inside the bead during a tire 
manufacturing process. 

Preferably, the sensors of present invention are accelerometer^? , 
15 are able to measure the accelerations of the point of the tim 'Hf . 
they are associated with respect to a local reference frame. 
In particular. In figure 1 the sensor 2 is able to measure the acceleration 
profile of the point P with respect to at least two directions selected 
from the x. y and z local axes. Said x, y and z local axes represent 
2 0 three direction that for the purpose of the present description are 
named respectively: 

centripetal direction z which is a radial direction of said tire, 

tangential direction y which is a direction tangential to the 

circumference of said tire, 
25 - lateral direction, x which is a direction orthogonal to both said 

centripetal and tangential directions. 
Then, said sensor 2 Is able to measure the acceleration profile of the 
point P with respect to at least two directions selected from said 
centripetal direction, said tangential direction and said lateral direction. 
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In figure 2 a further embodiment of ttie present invention is stiown. In 
such figure three sensors 21, 22, and 23 are associated to a tire 1. 
Preferably, the sensors are disposed In points on the Inner surface of 
the tire. More preferably, said sensors are disposed in a central 
5 position, along an equatorial plane E of said tire and said sensors are 
equidistant each other. In particular said sensors are located in a 
circumferential position spaced one from the other of a predetemnined 
arc. 

This disposition gives more accuracy, reliability to know info In faster 

10 way in order to better monitor the entire wheel turn. For example, during 
a revolution of the tire it is possible to monitoring at the same time the 
acceleration during the footprint pass with a first sensor and the 
acceleration of a point located before the footprint pass with a second 
sensor and the acceleration of a po.'f - after the footprint pass 

15 with a third sensor. 

In figure 3 a further embodlnrient of tvk ji^saent invention is^^shpWri.^lnv 
such figure three sensors 21', 22' and 23* are associated to a tire 1 . 
Preferably, a first sensor 21' is disposed on the Internal surface of the 
liner 111 In a central position along the equatorial plane E of the tire. 

20 Preferably the other two sensors 22' and 23' are disposed on the same 
surface each of them positioned between the central line and said 
sidewalls of the tire (hereinbelow they are named left shoulder sensor 
22' and right shoulder sensor 23" respectively). Preferably, said sensors 
21', 22' and 23' are disposed along the same meridian plane M of the 

25 tire. Said disposition allows to monitor the general behavior of the full 
Interaction area between the tire and the road; for instance when the 
tyre is comering the signals derived from the two sensors 23' and 22' 
change relative to each other. Other maneuvers can be detected by 
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comparing the signal of the sensor 21', 22', 23', (e. g. in a case of an 
aquaplaning phenomenon). 

It has to be noted that said sensors may be disposed in other points of 
said tire in a way to measure the variations of acceleration of said 
5 points and in a way to compare the signals derived from different 
sensors, if said points are key points able to give information on the 
behavior of said tire in motion. 

Alternatively, said sensors may be associated with points of the tire 
located at tread level, at carcass sidewall level, or at liner level, or bead 

10 level, or with intermediate points. Moreover one of said sensors may be 
located on the rim of the wheel; in this case a comparison between the 
signal of the rim sensor and another signals derived form a sensor 
located on a liner surface may give an indication of the relative 
movement bst^ a^?^ the rim and the tire for example during a braking 

15 manoeuvre 

In figure 4 is ■&m«^-v--An example of a system to monitoring the behavior 
of a vehicle. In particular, figure 4 shows the sensors 2 or 21, 22, 23 or 
21', 22' and 23', a receiving device 6 associated with said sensors and 
an elaboration unit 7 connected to said receiving device 6. The 

20 elaboration unit 7 comprises, for example a volatile storage element 7a, 
a pennanent storage element 7b and processor 7c. The sensor are 
mounted, as stated above, at specified points of the tire, while the 
receiving device 6 and the elaboration unit 7 are mounted preferably on 
the vehicle. For example said receiving device and said elaboration unit 

25 may be part of an on-board computer of the vehicle. The receiving 
device 6 is, for example, an electromagnetic radio frequency receiver. 
Said sensors are preferably provided with a piezoelectric device or a 
piezoresitive dexnce or with a silica based device In a way to generate a 
signal correspondent to the acceleration of the point on which they are 
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associated. Said signal could be transmitted to said receiver 6 by 
means of radio wave more preferably by means of high frequency radio 
wave. 

The Inventors have observed that by measuring the acceleration of 
5 characteristic points of the carcass, during Its travel, It is possible to 
verify whether the tyre is being subjected to braking, acceleration, or 
cornering, or knowing the friction available between the tire Itself and 
the road, or when the tire is close to aquaplaning and whether or not it 
is in an area of instability. 

10 In figure 5 Is shown three experimental graphs respectively of 
centripetal, tangential and lateral acceleration of a tire with a size of 
205/55/R16 rolling at 80 Km/h over a dmm with a diameter of 1.7 
meter, measured from the sensor of figure 1. Said local reference 
frame, labeled with x, y, z, is shown In right upper comer of the figure. 

■} 5. In figure 6 a further graph of the centripetal acceleration of the same 
tire of the fig 5 at different speeds and at the same load are shown. 
This figure shows that the curves at different speeds have the same 
shape but different amplitude, in particular for the peak-to-peak values. 
In figure 7 a further graph of the acceleration of the same tire of fig 5 

20 measured from the sensors of figure 3 is shown. In particular, in figure 

7 two curves are shown. A first curve S1 refers to the central sensor 21' 
of fig 3, the second curve S2 refers to the left shoulder sensor 22' of fig 
3. The conditions of motion of the tire are 4500 N of load, 2.2 bar of tire 
pressure, 120 Km/h of speed. 

25 In figure 8 a further graph of the acceleration of the same tire of fig 5 
measured from the sensors of figure 3 Is shown. In particular. In figure 

8 two curves are shown. A first curve SI' refers to the right shoulder 
sensor 23' of fig 3, the second curve S2' refers to the left shoulder 
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sensor 22' of fig 3. Said tire is in a left cornering condition of 3° and the 
other conditions (speed and load) are the same of figure 7. 
The applicant has noted that the sensor 23' (right shoulder), in a region 
that contains the footprint area of the tire, measures an acceleration 
5 which is greater than the acceleration measured from the sensor 22' 
(left shoulder). This is due to the deformation of the tire during said 
cornering condition. By monitoring the difference between the 
accelerations measured from said two sensors the system of the 
present invention is able to detect a critique condition during a 

10 cornering manoeuvre. For example said critique condition may be 
detected by comparing said difference of accelerations with a 
predetermined threshold value or by comparing (point to point) a cun/e 
monitored by a shoulder sensor with a reference curve stored into one 
of said memory elements. 

15 According to present invention specified reference curves ta^v t,:* . 
stored in said volatile storage element 7a or in the permanent 
element 7b of the elaboration unit 7. in a temporary or pennanent way 
respectively. 

Said reference curves may be during a setup phase of the system and 
2 0 may be generated by each of the sensors of the system. 

For example, the basic reference curves, which represent, respectively, 
the cyclic variation, in one revolution of the tire, of the accelerations of 
predetenmined points of the tire may be stored in the storage elements 
7a or 7b. Moreover more than one reference curve may be stored in 
25 both said storage elements 7a and 7b. 

The receiving device 6 receives the signals emitted by the sensors 
during the motion of the tire and sends them to the elaboration unit 7, 
which is preferably programmed to process them. Said signals are 
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correspondent to curves of the signals amplitude in a predetermined 
time interval. 

Each cyclic curve of centripetal or tangential or lateral acceleration is 
compared In the elaboration unit 7 with said basic reference curves 
5 stored, and the infonnation on the state of instantaneous behavior of 
the tyre and/or on the instantaneous adhesion between the tyre and the 
road is obtained from the comparisons. 

Example of comparisons between a basic reference curve and a 
monitored cyclic curve are the following: 
10 - comparision of two curves completely point by point for a entire 
revolution of a tire, or 

comparision of some characteristic peaks of one reference curve 
with correspondents characteristic peaks of one monitored cyclic curve, 
or 

15 - comparision ofthe entire area undv cn? rtvcMnce curve with the^^'^ ^ 
correspondent entire area under one cbiic;4>:-^5:adent monitored cj^dlic - ' 



comparision of a temporal portion of the area under one reference 
curve with the correspondent temporal portion of the area under one 
20 correspondent monitored cyclic curve, or 

comparision of a predetermined number of monitored cyclic curves 
with a reference curve in a way to obtain a time history of the monitored 
points ofthe tire. 

Other information may be obtained by comparing signals derived from 
25 sensors associated to different tires of a vehicle. For example to 
monitoring a breaking of a vehicle a comparison between signal derived 
from the front tires and signals derived from sensors of the rear tires of 
the vehicle may be realized. Another example of a comparison between 
signals derived from sensors located in different tires of the vehicle may 



cup/e, or 
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be accomplished during a cornering condition, In which the difference 
between signals derived from a tire on one side of the vehicle may be 
compared with signals derived from a tire on the other side of the 
vehicle. 

5 Moreover, according to the present invention more than one sensor on 
the same tire may be associated. In this case, many comparisons of the 
signals derived from two different sensors of the same tire may be 
obtained (i.e. in the above cornering condition). 

Preferably, the basic reference curves are acquired during the running 
10 of the motor vehicle on the road, in the course of each revolution of the 
tyre. The basic reference curves (or the values of the characteristics 
points) are stored temporarily to carry out the comparison with the 
current cyclic operating curves, acquired in at least a successive 
revolution of the '^h^-'M^e.- For example, the cyclic operating curve 
15 acquired In a r^-^-y^-^^ih^ the tyre is compared with a basic reference 
curve acquired in tffe preceding revolution of the' tyre in the i-th 
preceding revolution. 

Alternatively, said curves (reference curves and cyclic curves) may be 
stored in a memory element inside of each sensor. In such case, an 
20 elaboration unit is located inside of each sensor and the above- 
described comparison step of the acceleration signal Is made Inside of 
each sensor. 

In order to avoid accidental mistakes in the sensor signal generation or 
transmission, advantageously, specified pairs or triplets of acceleration 
25 of specific points emitted by two or more sensors associated with two or 
more specified points of the tyre could be also processed in the 
elaboration unit 7. 

The information obtained from said comparisons can be used 
subsequently to set control actions of mechanisms of the motor vehicle. 
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for example regulation of the brake system (longitudinal behaviour and 
/ or lateral one) , or active suspension, or to give info concerning the 
status of the tyre (wearing situation, adhesion coefficient available , 
etc) and similar. 

5 Advantageously, the accelerations of the monitored points may be 
integrated with other information of the vehicle, for example the speed 
of the vehicle and/or the tire pressure. Said other information may be 
measured by other sensors. 

The Applicant has observed from the curves of graphs of figure 5-9 
10 that, in a complete revolution of the tire, there are portions of said 
curves, which assume more significant value than other portions of said 
curves. For example, said curves assume significant values in proximity 
(before and after) the passage of the monitored point into the physical 
contact between the tire and the road: see fig 6 as example. 
: tHs means that the data (i.e. accelerations) derived from the sensor 
ibcated in a defined point of the tire can give important info (i.e. 
concerning the way to approach the road interaction and the way to 
leave this Interaction) not only when this point is close the contact area. 
There are other regions in which said signals derived from the sensors 
20 assume critical values, for example in the opposite side of the footprint 
region. 

The main changes during the tire life (e.g. wear or structural 
modification) can be in fact found also comparing the different curves 
generated by the sensor signals in this region at different times (i.e. 
25 montly). 
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CLAIMS 

1. Method for monitoring the Instantaneous behaviour of a tyre in a 
rolling condition, comprising the steps of: 

5 a) acquiring and storing, at least temporarily, at least one 
reference curve which represents the acceleration profile of at least one 
specified point of the said tyre in at least two directions selected from a 
centripetal, a tangential and a lateral directions as a function of the 
position of the said point, in at least one portion of a revolution of the 
10 said tyre, 

b) continuously acquiring signals of the acceleration in said at 
least two directions of said at least one point of the said tyre, in at least 
one portion of a revolution of the said tyre, 

c) deriving from the said signals at least one cyclic curve of 
15 acceleration profile of the said at least one point in at least the s0i^^ ; 

portion of a revolution of the said tyre, 

d) comparing said at least one cyclic curve with the said at least 
one reference curve, and 

e) emitting a signal depending on the said comparison, the said 
20 signal indicating the said instantaneous behaviour of the said tyre. 

2. Method as claimed in claim 1, wherein said step of comparing 
comprises comparing said at least one reference curve and said at 
least one cyclic curve point by point for an entire revolution of the tire. 

25 

3. Method as claimed in claim 1, wherein said step of comparing 
comprises comparing a reference curve derived from a first point on the 
tire and a cyclic curve derived from a second point on the tire. 
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4. Method as claimed In claim 3, wherein said first point is located on 
the liner surface along the equatorial plane of the tire and said second 
point is located on the liner surface on a shoulder of said tire, said first 
and second points being located along the same meridian plane of the 

5 tire. 

5. Method as claimed in claim 3, wherein said first point is located on 
the liner surface along the equatorial plane of the tire on a left shoulder 
of said tire and said second point is located on the liner surface on a 

10 right shoulder of said tire, said first and second points being located 
along the same meridian plane of the tire. 

6. Method as claimed in claim 3, wherein said first point is located on 
the liner surface along the equatorial plane of Vr.o. Oi Jiv and the second 

15 point is located on the liner surface along t? cv tsj plane distant.? 

from said first point for a predetermined arc. 

7. Method as claimed in claim 1, wherein said step of comparing 
comprises comparing characteristic peaks of said at least one 

20 reference curve with correspondents characteristic peaks of said at 
least one cyclic curve. 

8. Method as claimed in claim 1, wherein said step of comparing 
comprises comparing a portion of the area under said at least one 

25 reference curve with the correspondent portion of the area under said 
at least one cyclic curve. 

9. System for monitoring the instantaneous behaviour of a tyre in a 
rolling condition comprising: 
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i. at least one memory element for acquiring and storing, at least 
temporarily, at least one reference curve which represents the 
acceleration profile of at least one specified point of the said tyre in at 
least two directions selected from a centripetal, a tangential and a 

5 lateral directions in at least one portion of a revolution of the tyre, 

ii. at least one sensor associated with the said at least one 
specified point of the said tyre, capable of emitting, over a period of 
time, signals of the acceleration in said directions of the said point, 

ill. a receiving device capable of continuously acquiring the said 
10 signals of the acceleration of the said at least one point of the said tyre, 
in at least the said portion of a revolution of the said tyre, and 
iv. an elaboration unit incorporating a program capable of 
detemiining from the said signals of acceleration at least one cyclic 
curve of acceleration of t'r% 3?id at least one point in the said directions 
15 in at least the said pa< ^:. <; ? ir r'J-5olution of the said iyre, • ' ■ 

V. said elaboraUiiv s.vV hieing capable of continuously comparihg 
said at least one of cyclic curves of acceleration with said at least one 
stored reference curve, 

vi. said elaboration unit being additionally capable of emitting a 
20 signal depending on the said comparison, the said signal indicating the 
said instantaneous behaviour of the said tyre. 

10. System as claimed in claim 9, wherein a first sensor is located 
on the liner surface along the equatorial plane of the tire and a second 
25 sensor is located on the liner surface on a shoulder of said tire, said 
first and second sensors being located along the same meridian plane 
of the tire. 
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11. System as claimed In claim 9, wherein a first sensor is located 
on the liner surface along the equatorial plane of the tire on a left 
shoulder of said tire and a second sensor is located on the liner surface 
on a right shoulder of said tire, said first and second sensors being 

5 located along the same meridian plane of the tire. 

12. System as claimed In claim 9. wherein a first sensor is located 
on the liner surface along the equatorial plane of the tire and a second 
sensor is located on the liner surface along the equatorial plane distant 

10 from said first sensor for a predetermined arc. 

13. System as claimed in claim 12, further comprising a third sensor 
located on the liner surface along the equatorial plane of the tire distant 
frc?' imd second sensor for a predetermined arc. 

1.5 ... • 

^Ai-. - System as claimed in claim 13, wherein said first and second 
and third sensors are equidistant each other. 

15. System as claimed in claim 10. wherein a third sensor is located 
20 on the opposite shoulder of said second sensor along the same 

meridian plane of said first and second sensor. 

16. System as claimed in claim 9 further comprising a speed sensor 
of said tire. 

25 

17. System as claimed in claim 9 further comprising a pressure 
sensor of said tire. 



wo 03/082643 



PCT/EP02/03498 



-23- 

18. Pneumatic tire comprising at least one sensor associated with at 
least one specified point of said tire, capable of emitting, over a period 
of time, a signal, which represents the acceleration profile of said at 
least one specified point, in at least two directions selected from a 
5 centripetal, a tangential and a lateral directions as a function of the 
position of the said point, in at least one portion of a revolution of the 
said tire. 
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